Thinking about one's own thinking and of how one learns and solves problems is described as metacognition. The important dimensions of metacognition are knowledge of one's own thinking as one plans, monitors, and evaluates academic tasks. This paper presents a qualitative study on metacognition, on how academic tasks in Chemistry are designed and structured in a constructivist environment that promotes students' metacognitive behaviors and meaningful learning of Chemistry. Sample metacognitive profiles of two cases (low and high metacognitive index), generated from analyses of various qualitative data are also presented. As a conclusion, the paper reiterates a research finding which indicates that prolonged engagement of students in classroom activities designed in a constructivist environment gives ample opportunities for students to demonstrate their overt planning, monitoring and evaluation behaviors. Purposely asking students to answer metacognitive questions afforded them the opportunity to reflect on their thinking, thus fostering their metacognition.
Thinking about one's own thinking and of how one learns and solves problems is described as metacognition. The important dimensions of metacognition are knowledge of one's own thinking as one plans, monitors, and evaluates academic tasks. This paper presents a qualitative study on metacognition, on how academic tasks in Chemistry are designed and structured in a constructivist environment that promotes students' metacognitive behaviors and meaningful learning of Chemistry. Sample metacognitive profiles of two cases (low and high metacognitive index), generated from analyses of various qualitative data are also presented. As a conclusion, the paper reiterates a research finding which indicates that prolonged engagement of students in classroom activities designed in a constructivist environment gives ample opportunities for students to demonstrate their overt planning, monitoring and evaluation behaviors. Purposely asking students to answer metacognitive questions afforded them the opportunity to reflect on their thinking, thus fostering their metacognition.
The abstract nature of Chemistry necessitates that its concepts and principles be learned in an environment where students can meaningfully grasp the material to be studied. Students must be given opportunities to make use of their prior knowledge in order to construct new ones. Students must be able to discuss, negotiate and defend their solutions to problems in small group settings. If these are consistently done in the Chemistry classroom, then, meaningful learning will most likely occur.
One promising way by which students can achieve meaningful learning is by letting them engage in academic tasks designed in a constructivist environment. Constructivism is a philosophy which espouses that students must be actively engaged in their knowledge construction. Constructivism asserts that knowledge is not passively received but is actively built up by the learner (Herron & Nurrenbern, 1999) .
In the past decade, the learning of Chemistry has been investigated using constructivist lens; researchers have explored the study of chemical phenomena using constructivist principles. These researchers rationalize that constructivism is the philosophical and pedagogical bases in the learning and teaching of Chemistry (Spencer, 1999; Phelps & Lee, 2003; Farrel, Moog & Spencer, 1999; Towns, 1998; and Shiland, 1999) . Opportunities for students to engage in reflective abstractions, where they deliberately stop and reflect on their thinking processes, how they plan and execute academic tasks, and how they solve problems, is consistent with a constructivist philosophy. These activities are best accomplished in small group settings (Bowen, 1994) and when students think about their own thinking, cognition and metacognition come into play (Rickey & Stacey, 2000) .
Most researchers and theorists describe metacognition, or a metacognitive system, as a series of thought processes responsible for monitoring, evaluating and regulating functioning. These functions are sometimes referred to as executive control (Marzano, 1998) .
Metacognition involves three dimensions. These are knowledge about oneself, knowledge about the thinking process, and controlling of one's commitment, attitude and attention to learn new or complex tasks. Commitment is defined as a deliberate choice to adopt strategies in solving problems. The various types of knowledge important in metacognition are declarative, procedural and conditional knowledge. Declarative knowledge pertains to the facts necessary to accomplish a task, while the steps or procedures and even strategies on how a task is done fall under the domain of procedural knowledge. Conditional knowledge refers to knowing why certain strategies work, when to use them and why one strategy is better than another. (Marzano, 1998) .
Controlling the thinking process involves planning [choosing a path to goals, choosing procedures], regulating [checking progress, revising paths, procedures, goals and resources] and evaluating [assessing current knowledge, setting goals, and selecting resources] (Marzano, 1998) . Metacognition is differentiated from reflective thinking in the sense that reflective thinking is a more generalized construct, whereas being metacognitive is a deliberate reflection on one's own cognitive functioning (Rickey & Stacey, 2000) .
Early research on metacognition explored constructs such as metamemory % the mind's ability to purposely store and retrieve information. Investigations pioneered by Flavell and his colleagues paved the way for further exploration of metacognition. These studies were empirical in nature and were rooted in the discipline of Cognitive Psychology (Langrehr & Palmer, 2002) .
The construct of metacognition was also investigated in the disciplines of Science and Mathematics. Beeth (1998) and Koch (2001) used metacognitive strategies in the students' study of Physics concepts. Nuthall and Alton-Lee (1995) examined how students in Science and Social Studies described their answers to test items in an achievement test. Through this, students were able to apply complex metacognitive, retrieval, deduction, and knowledge construction skills. Linking metacognition to different strategies in Mathematics such as letting students write about how they solve problems (Pugalee, 2001) , conducting a training program focusing on monitoring beliefs, emotions and attitudes (Zan, 2000) and using response maps to probe students' metacognitive knowledge, strategies, and decisionmaking skills (Stillman & Galbraith, 1998) were also explored. These studies reinforced the discipline specificity of the construct of metacognition. Then, Antoneitti, Ignazi and Perego (2000) established that students' problem solving ability is related to their metacognitive skills regardless of the nature of the academic courses they are enrolled in. This implies that metacognitive skills might not be discipline specific.
Against a backdrop of a positivist paradigm, the use of metacognitive strategies was compared with traditional conventional approaches. Oladunni (1998) found that, unlike the traditional class, the metacognitive class increased students' level of achievement. Similarly, Blank (2000) reported that students in the metacognitive classroom experienced a more permanent restructuring of their understanding.
Several studies have also linked metacognition to a constructivist framework. Goos and Galbraith (1996) investigated how students used metacognitive strategies in small group settings. Grave, Boshuzien and Schmidt (1996) (2001) showed that students' propensity to enhance their metacognition and learning process can be linked to the use of a constructivist framework. These studies have one thing in common: academic tasks were designed and structured to foster students' awareness of their own thinking as they learned Science concepts and ideas. Results of these studies indicate that metacognition can play a role in students' cognition and knowledge construction. Purposely reflecting on their thinking processes and problem solving strategies is an effective self-monitoring device for students in their construction of Science concepts.
This study shows how academic tasks in Chemistry can be structured and designed using constructivist principles to foster students' metacognition. How students planned, monitored and evaluated their learning as they underwent various metacognitive activities, resulting in metacognitive profiles of selected students, is presented. The possible link between students' overt metacognitive behaviors and their meaningful learning of Chemistry is likewise explored. Given these contexts, the study answers the following questions: 
METHOD
The study was a qualitative look at how students overtly manifested planning, monitoring and evaluating behaviors as they learned and studied identified topics in General Inorganic Chemistry anchored in a constructivist environment. Consistent with the use of qualitative lens, students' metacognitive behaviors were chronicled and documented using various sources , resulting in the generation of selected students' metacognitive profiles. Hence, a multiple case-study research design was employed where these cases were posited in the metacognitive continuum as exhibiting low, moderate and high metacognitive behaviors.
Being a qualitative study, triangulation was done and adequate time was spent collecting data, noting the importance of seeking discrepant cases. Selected metacognitive activities were videotaped for evidentiary purposes. The typology of sampling employed the use of maximum variation to represent cases illustrating the various points in the metacognitive continuum. Interview responses were verified and paraphrased by taking these data back to the participants to determine plausibility. Colleagues were regularly consulted regarding the process of the study and the congruency of emergent findings with the raw data and tentative interpretations. Detailed accounts of the methods, procedures, and decision points in the study were carried out and documented. Results were reported with rich and thick descriptions enabling the readers to determine the extent to which their situation matches the research context andwhether findings can be transferred to other learning situations (Merriam, 2002) . Due to space constraints, only two metacognitive profiles (representing low and high metacognitive indexes) of the nine cases are presented in this paper.
Participants
Thirty-three female first year college students enrolled in a General Inorganic Chemistry class at St. Scholastica's College, an exclusive school for girls in Manila, Philippines, participated in this study. The class studied and learned identified topics in Chemistry through active participation in metacognitive activities for an entire semester (16 weeks). Consistent with a qualitative research design, data analysis was limited to nine cases. These nine cases were selected from a preliminary analysis of data to represent maximum variation (Miles & Huberman, 1994) . The mean age of the participants is eighteen (18). Only one of them is graduated from a provincial high school; the rest graduated from private high schools within Metro Manila.
Metacognitive Activities
Various activities were conceptualized, adhering as much as possible, to a constructivist paradigm. As the participants engaged in these activities, they were given opportunities to construct their knowledge while they explored, solved problems and negotiated alternative solutions to problems in small group settings. They were asked to document their metacognitive behaviors (planning, monitoring and evaluation) as they answered various metacognitive questions embedded in the different activities as "Feedback to the Activity." Their responses to these questions served as one of the data sources in describing metacognition. Table 1 contains brief descriptions of some of these activities and Figure 1 presents a sample of a metacognitive activity. 
Description
The activity was designed for students to deduce the rationale and purpose of studying Chemistry from a critical analysis of labels of consumer products.
Students asked questions on the four fundamental quantities (length, mass, time, and temperature) in a round-robin way. An example for length was "how deep is the deepest part of the Pacific Ocean". In the process of asking questions on the four quantities, students deduced ideas on these quantities in a constructivist fashion.
Students were given a set of problems to solve. In pairs, students "think aloud" on how they solved the problem. One student was allowed to think while her partner recorded all her verbalizations. Then, they switch roles.
Students were presented with a story illustrating one's activities for the day. They were asked to write a similar story identifying the physical and chemical changes that had occurred as they describe their day.
The module composed of different phases was designed in a constructivist environment for students to explore, develop and reinforce their understanding of the mole concept. The module started with a "What's the Count Activity" simulating the counting of atoms. This was followed by a conceptual development of the mole concept through problem solving sessions in small group settings. These were supplemented with synthesis lecture and problems sets. LEARNING CHEMISTRY IN A METACOGNITIVE ENVIRONMENT
Fundamental Quantities

Tasks:
• Form cooperative learning groups of five (5) • Using the table below, do a "round robin" way of supplying the pertinent information being asked. This means the "table" is to be filled up by one member, and then passed on to another member of the group until everyone has had the chance to fill up the table. You should have four entries per fundamental quantity.
• After everyone has finished filling up the table, the group should come up with an agreed definition or description of the fundamental quantity. The metacognitive behaviors of the participants were culled from a detailed analysis of their responses to the various "Feedback to the Activity" embedded in the different metacognitive activities. Their responses were transformed into a conceptually clustered matrix (Miles & Huberman, 1994) using the dimensions of metacognition as the organizing variables. Judgments were made as to the extent of their planning, monitoring and evaluating behaviors using the grid outlined in Table 2 . Another source of data that posited the preliminary metacognitive profile of the participants was a researcher-made Metacognitive Inventory in Science (MIS). The MIS was administered at the onset of the study. Based on the literature, seven items for planning, 11 items for monitoring and eight items for evaluation were constructed. Three open-ended questions framed to probe deeper into the participants' metacognition were also included in the MIS. Each item in the MIS was given a score from 1 (never) to 4 (always). Their score on the MIS served as their initial metacognitive index.
To triangulate these two data sources, semistructured interviews were conducted with the nine participants. The interviews were conducted after the midterm examinations to allow them to have more experience with metacognitive activities. Sample questions asked during the interviews were: When you are about to accomplish a task (assignment, project or studying for a test) what do you do?; While you are studying for a test, do you check whether or not you are correct?; And after you have performed a task or studied, what do you do?
Transcribed interview data were paraphrased, condensed, summarized and transformed into a data matrix. Holistic accounts of the participants' metacognitive behaviors supplemented their metacognitive profiles.
Meaningful Learning
A data source for meaningful learning was obtained from the participants' responses to reflective questions included in their various portfolio elements. They were asked to gather tangible pieces of evidence (artifacts) that demonstrated the knowledge and skills being targeted by the portfolio element. In this study, the portfolio elements were "Solve a Problem," "Design an Experiment," "Analyze a Result," "Group Effort in Problem Solving," "Identify a Misconception," "Evolution of a Concept," "Show Growth or Improvement," and "Defend a Position." The participants had the option to choose five of these seven portfolio elements. Their responses to the question, "explain what you have learned from this portfolio element" extracted from the different portfolio entries as well as holistic evaluation of their portfolios were condensed, paraphrased and summarized. These summaries served as the basis for describing the extent of meaningful learning in this study.
Students' Perceptions and Insights on the Various Metacognitive Activities
The participants' perceptions, insights, and realizations as they engaged in the various metacognitive activities were elicited using a Questionnaire on the various Metacognitive Activities (QMA). The QMA contained three open-ended questions framed to identify their most preferred activities, the extent of their metacognitive behaviors and their evaluations of repeatedly answering the "Feedback to the Activity" included in the different metacognitive templates. Sample questions asked were the following: What activities in your Chemistry class do you remember the most?; Why are these activities worth remembering?; After all the activities you have had in Chemistry, have you become aware of your thinking process?; And how has answering the "Feedback to the Activity" included in all the activities in your Chemistry classes helped you?
RESULTS
Structuring Academic Tasks in a Constructivist Environment
In this study, the different Chemistry topics were purposely chosen to reflect a macroscopic view of the properties of matter. Because of the abstract nature of chemical concepts and principles, the students' explorations of chemical phenomena must start from something they can readily see and experience. Hence the sequence of topics is "Introduction to Chemistry," "Matter and its Properties," "Atoms, Molecules and Ions," "Stoichiometry," and "Gases." Various activities anchored on these topics were conceptualized adhering as much as possible to constructivist principles.
Given these contexts, activities were planned for students to utilize their prior knowledge as they explored, developed and reinforced their understanding of the chemical principles being studied. Based on the degree of difficulty of the topic, some activities were designed where an output was submitted at the end of the class period. An example of this was an activity on Fundamental Quantities, a relatively easy topic. The objective of this activity was to simply lead the students to an awareness of what "kinds of measurement" are associated with the fundamental quantity (length, mass, time and temperature) using their experiences as sources of input in a cooperative learning environment (round robin). Thus, at the end of the class session, the idea of fundamental quantities was explored and developed without the benefit of a teacher's lecture.
Some activities necessitated that students spend time to complete the tasks at hand. Students needed to consult references and discuss with peers on how best to accomplish these tasks. Thus, these activities, still within a constructivist's framework, where structured in such a way that tasks are open-ended where only a problem prompt was provided, and students had opportunities to apply previous learning to complete these tasks. An example of this activity was the concept mapping activity. Given a self-contained module on properties of matter and related topics, students were asked to construct concept maps on how best they understood the material. Another example is the activity where students create their own stories describing their day illustrating physical and chemical changes.
A topic that was particularly difficult was the mole concept. A series of activities and concept development exercises were designed so that students get to explore, develop and reinforce their knowledge on the mole concept. Students' exploration of this topic took several class sessions. They were inductively guided for them to intuit I solve additional problems found in the textbook or any other reference material. and deduce the operational and conceptual definitions of the mole. Because the mole concept is one of the most abstract concepts in Chemistry, a synthesis lecture was given but only to clarify and reinforce the knowledge and skills students already possess. Table 3 presents a tasks analysis matrix for selected metacognitive activities employed in the study. Topics anchored on these activities had varying levels of difficulty. Because of this, time spent by students to accomplish the different tasks associated with the activities also varied. There were tasks that were completed at the end of the class session and some tasks or outputs submitted after students had time to consult references or discuss with peers. A topic like that of the mole concept was explored, and developed as students engaged in structured activities that lasted for several class sessions. Because of the inherent nature or degree of difficulty of the topics, strict adherence of all these activities to constructivist principles was not possible. Activities therefore have varying levels of adherence to constructivism.
Thus, these factors: the difficulty of the tasks; time spent in completing these tasks; and their adherence to constructivist principles affected the extent to which students demonstrated overt metacognitive behaviors.
Students' Metacognitive Profiles
An initial metacognitive profile of the participants was generated using scores obtained from the Metacognitive Inventory in Science (MIS). In this study, the construct of metacognition was assumed to be a continuum and thus, it is possible to posit cases on the various points of this continuum. The overall mean calculated from the administration of the MIS is 2.88 with a standard deviation of 0.33. Thus, taking one standard deviation below and above the mean, a range of 2.55-3.20 was used to posit participants (cases) in the "moderate" section of the metacognitive continuum. Given this premise, participants were judged as manifesting high metacognitive behavior if they obtained a metacognitive index of 3.21 -4.00; whereas those who obtained a metacognitive index from 1.00-2.54 were initially judged as exhibiting low metacognitive behavior. The dimensions, typical items and reliability estimates of the MIS are found in Table  4 . Table 5 gives the initial metacognitive profile of the nine participants based only on the MIS.
Metacognition is defined in this study as the various ways and processes by which students plan, monitor, and evaluate their own learning. On the other hand, Planning behaviors are the steps, procedures or activities that students engage in as they are about to study or accomplish tasks. Monitoring behaviors are overt manifestations where students check their progress, revise their procedures or goals and adjust their study strategies. Meanwhile, Evaluation behaviors focus on students' accounts of how they assessed their learning. In order to probe deeper into the participants' metacognitive behaviors, they were repeatedly asked to answer questions (as "Feedback to the Activity") formulated to make them deliberately think about how they planned certain tasks, and how they monitored and evaluated their learning. Responses to these questions coupled with interview data served as the basis in generating metacognitive profiles of the nine participants. Figures 2 and 3 give the metacognitive profiles of *Andrea and *Irene.
Meaningful Learning
Students' portfolios is a window by which one can look into their meaningful learning of Chemistry. If students find applicability of the lessons they have studied, if they can use their prior knowledge to construct new ones and show strong evidence that they have learned beyond the acquisition of content knowledge, then The participants in this study were asked to gather tangible pieces of evidence (artifacts) to illustrate that they have attained the knowledge and skills (competencies) being targeted by a portfolio element ("Analyze a Result", "Solve a Problem", etc.). As they gather materials to satisfy a portfolio element, they were asked to explain what they had learned. They were also asked to take a holistic look at the different portfolio elements and judge whether such artifacts satisfy the attributes of the portfolio element. Table 6 gives a summary of the analysis on the portfolios of *Andrea and *Irene.
Note that *Andrea failed to show samples of her work that satisfactorily illustrated the various portfolio elements. One can argue that there is inherent learning as she made mini reports on the various topics, but this did not provide an opportunity for her to reflect on the progression of her work. Thus, she was not able to demonstrate meaningful learning using a portfolio assessment.
*Irene manifested meaningful learning by giving convincing explanations of not only her acquisition of content knowledge but other learning as well. She methodically spelled out her insights and realizations as she chose samples of her work to satisfy the different portfolio elements. She found applicability of her Chemistry lessons in her daily life. *Irene acknowledged that "thinking in her own way" was helpful in gaining deeper understanding of the material. She had successfully shown that her knowledge and skills have improved; hence, meaningful learning had occurred.
Students' Insights and Realizations on the Various Metacognitive Activities
When asked what activities in their Chemistry lecture classes they remembered the most, eight out of the nine participants mentioned that it was Table 6 .
Analysis of Portfolios of Andrea and Irene
Case
Attributes of Portfolios Andrea Andrea did not follow the set guidelines in completing her portfolio. Instead of gathering materials (quizzes, problem sets, or any other school requirement) that she already had, she made mini reports on various topics. She made reports on the atomic theory, three laws of chemical combination, matter and its properties, etc., focusing on content. She failed to show how the various school requirements (artifacts) supported the different portfolio elements. Andrea did not understand what she needed to accomplish Irene Irene had many insights and realizations as she completed the various portfolio elements. Her explanations of her learning were deliberately focused on her learning other things beyond the acquisition of content knowledge. She acknowledged that group work and teamwork were important in accomplishing tasks. This was her realization as she described how the buttons activity illustrated her skill in solving a problem. Using the powers of ten and number line scale output, Irene claimed that this activity helped foster her creativity and diligence. She further asserted that "exceeding beyond my limitations" was what she realized in this activity. Irene realized why Chemistry is not a boring subject because "everyday is a new discovery". Using the various problem sets, Irene realized that she had improved on her learning. She also learned to be "more serious and determined if I want learn and achieve something" the mole concept module that they remembered the most. They found the "What's the Count" activity fun and interesting. They liked the idea of brainstorming and planning on how to "count" small objects without actually counting them. A student admitted that because of the activity, she had corrected her misconception about the mole concept and this was precisely why she remembered this lesson. Table 7 gives excerpts of insights and realizations of Andrea and Irene Note that *Andrea admitted that even after being exposed to all the metacognitive activities, she was not aware of her thinking because she claims to have not participated. *Andrea acknowledged that she jotted down notes, and consulted Chemistry books but there is very little evidence that these are metacognitive in nature. These activities were accomplished, perhaps to fulfill the requirements of the subject. To a limited extent, by her own admission, letting her deliberately pause and answer the "Feedback to the Activity" helped her review what she had learned. This in effect gave her opportunities to reflect on her thinking, but still she did not demonstrate being reflective on her own accord.
*Irene was judged as exhibiting high metacognitive behaviors. Her insights and realizations support this judgment. She admitted that because of her engagement in the various activities, she had learned to reason out and defend her answers. She also asserted that she had been checking, monitoring and evaluating her learning. These behaviors became increasingly evident as a result of repeatedly answering the various "Feedback to the Activity.".
Thus, the various activities as a whole were judged as opportunities for students to engage in reflective abstractions. Students admitted that the design and structure of the activities enabled them to be aware of their own thinking. The way the lessons are introduced, developed and reinforced, consistent with a constructivist paradigm, facilitated the monitoring and evaluation the students' learning. Through these activities, students claim to learn on their own.
Deliberately answering the "Feedback to the Activity" gave the students the time to reflect on 
Excerpts of Insights and Realizations of Andrea and Irene
their strengths and weaknesses as learners as well as the opportunity to think of ways to improve on their knowledge and skills and how these can be applied to other learning context. Without doubt, the purposeful engagement in these activities paved the way for students to be metacognitive.
DISCUSSION
Metacognitive Activities
In this study, various metacognitive activities were designed adhering as much as possible, to constructivist principles. These activities were designed for students to inductively construct their knowledge either from given empirical evidence or by letting them use their prior knowledge as they develop their understanding of the different chemical concepts. For topics that were judged as difficult, a class lecture followed the activity. Take the case of a topic on conversion. Here, the students were initially given a problem set and in small group settings, were asked to solve problems prior to a formal lecture. As students solved the problem, they discussed, argued, defended and negotiated their answers to the problems. A thinkaloud method was employed as students discussed the solutions to the given problems. During the process, students were conscious of their thinking and how they solved the problems. This demonstrates metacognitive behavior. Activities like straightforward solution of problems (problem sets on stoichiometry and gases) provided limited opportunities for students to construct knowledge since these activities or exercises are designed to reinforce problem solving skills. The ability for students to apply algorithmic knowledge and skills are equally important in the students' learning of Chemistry. Letting students discuss the solutions to the problems in small group settings gave them the opportunity to demonstrate metacognitive behavior even to a limited extent. One activity that students enjoyed doing was writing a story that described their typical day using examples of physical and chemical changes. This activity afforded the students to demonstrate their planning, monitoring and evaluation behaviors because they were given time to brainstorm and come up with their stories.
An activity that had all the elements of constructivism was the run of the mole concept module. In this activity, students were led to the operational and conceptual definition of the mole by performing the "What's the Count" activity. They were given a problem prompt, without explicit directions, on how they could use weights to count small objects like popcorn kernels, red or white beans. Students brainstormed on and planned the most efficient and practical way of accomplishing the task. The teacher served only as a facilitator as students completed their tasks. Given two heuristics relating the mass of one mole to its atomic weight or molecular weight and Avogadro's number, students deduced the operational definition of the mole. Without the benefit of a teacher's lecture, students solved problems on the mole concept, in small group settings, debating and negotiating solutions to problems. After all these activities, only then was a "synthesis lecture" given. Thus, this activity, because of the nature of its design and structure, allowed students to construct knowledge about the mole concept. In the process, metacognitive behaviors were exhibited.
The different metacognitive activities provided varying degrees of opportunities through which students' metacognitive behaviors could be fostered. It is reasonable to infer that the perceived difficulty of the tasks (as reported by students in their responses from the "Feedback to the Activity") could affect the their extent of planning, monitoring and evaluation of their learning. Another factor that could affect students' demonstration of their metacognitive behaviors was the time allotted in the completion of tasks. A prolonged engagement in activities that let students think about their thinking would certainly encourage metacognition as compared to undergoing tasks where an output is needed at the end of the class session. Finally, academic tasks designed and structured to strictly adhere to constructivist principles promoted targeted metacognitive behaviors. In this study, the mole concept module contained ample opportunities for students to construct their knowledge. In the process of active engagement in their learning, students demonstrated planning, monitoring and evaluation behaviors.
Note that it is the interplay of these various activities that could foster students' metacognitive behaviors. Being aware of one's own thinking can not be developed overnight. Time must be spent for students to demonstrate this skill. Students must be actively engaged in activities where they can discuss, negotiate solutions to problems and construct their knowledge for a prolonged period of time. Activities must be structured such that students can plan, monitor and evaluate their behaviors. If these are consistently done in the Chemistry classroom, students can overtly manifest metacognitive behavior leading to meaningful learning.
The Case of Andrea 6 *Andrea exhibited limited metacognitive behaviors. She is not aware of her own thinking. She had difficulty articulating her thoughts. She could not provide supporting statements to assert her claims. There was very little evidence she could offer to support her thinking processes. When asked whether she was checking the progress of her work, she responded that sometimes she does not. She further claimed that when she "is through with the assignment, that's it". Further, she reports that "sometimes, she checked her answers to the problems by analyzing them," but when probed what she meant by "analyzing," she was unable to explain. Andrea exhibited low metacognitive behaviors even if activities were provided for her to reflect on her learning. The fact that she claimed that she had been reflecting on her learning might only be a result of her compliance with the academic requirements of the subject. Andrea was not able to show supporting details for her choice of study strategies. This lack of supporting details to expound on her belief system is an indication that such a belief system is not overtly manifested and, thus, is not integrated within her cognitive schema (Hogan, 2000) . The skill of being reflective, pausing to self-assess and adjusting study strategies were not evident during the course of the study. Thus, Andrea exhibited low metacognitive behaviors throughout the study.
In this study, students' metacognitive behaviors were linked to the quality of their portfolios. Andrea did not demonstrate meaningful learning as evidenced by her low scores on the various pencil-and paper tests. She also did not follow the guidelines for accomplishing her portfolio. She failed to demonstrate how her various works (assignments, quizzes, projects, etc.) satisfied the identified portfolio elements. From an examination of her portfolio entries, there was very little evidence that she reflected on her strengths and weaknesses through her own judgment of her works. Thus, Andrea's poor metacognitive behaviors did not bring about meaningful learning.
The Case of *Irene
On the other end of the metacognitive continuum, *Irene manifested high metacognitive behaviors. She is constantly aware of her thinking process prior to studying or accomplishing a task as well as while she is on-task. She evaluated her learning, concretely listing her realizations and ways to improve the quality of her output.
Writing learning goals is a manifestation that one can identify the knowledge and skills that should be attained after a learning task. These goals are one's guideposts in accomplishing a task; thus, how goals are written can be a window into one's planning skills. Irene demonstrated planning skills as shown in her responses to the "Feedback to the Activity", from her portfolio entries and from interview data. The way she wrote her goals showed that she learns for understanding. She was not satisfied with simple rote learning; she knew that the concepts learned should be understood and these concepts should be related to other concepts.
In the interview with Irene, she claimed that she solved the most difficult problems first. In solving problems successfully, she is aware that she has the knowledge and analytical skills to solve the problem. She further asserted that when she could not solve a problem, then it was a sign that more information was needed. Irene confessed that when she could not solve the problem, she consulted references or look for solved sample problems. When asked how she knew she was on the right track when solving a problem, she responded by citing a problem she solved on Boyle's Law. She knew that she was correct when she arrived at the desired unit called forth in the problem. Irene is self-motivated. She admitted that before going to the mall, she would try to study first or complete an assignment.
Throughout the study, Irene consistently demonstrated that she was actively aware of her thinking. The way she wrote her learning goals indicated that she is a deep learner and that she was not satisfied with mere acquisition of facts. She learns to understand. She was able to systematically identify the difficulties she had encountered and methodically sought ways to address these difficulties.
Irene also scored well on the various penciland-paper tests indicative of her higher cognitive functioning at work. She was able to solve the more difficult problems in the various long tests and applied her prior knowledge as she constructed new ones. She was actively involved in her learning as she defended and negotiated solutions to problems in small group settings. Irene's portfolio entries (quizzes, assignments and projects) were evident of her deeper understanding of the studied Chemistry concepts. Through her portfolio, she articulated insights and realizations beyond the acquisition of content knowledge. In doing so, meaning is created in her learning. Irene's high metacognitive behaviors brought about meaningful learning.
CONCLUSION
Prolonged engagement in classroom activities designed in a constructivist environment allow students to link prior knowledge with newly constructed knowledge as they work in small group settings. In the process of knowledge construction, they manifest overt planning, monitoring and evaluating behaviors. This is turn, fosters their metacognition. The students in this study reported that the various activities helped them learn Chemistry materials meaningfully. They liked the idea that lessons were not presented in a straightforward manner and that the different activities were fun, enjoyable, and interesting. Deliberately asking these students to answer metacognitive questions afforded them the opportunity to reflect on their strengths and weaknesses as learners and how these learning can be applied to other learning contexts.
However, prolonged engagement in activities designed and structured in a constructivist environment to give students opportunities to reflect on their thinking does not necessarily foster the targeted metacognitive behaviors (as in the case of *Andrea). The perceived difficulty of the topics anchored in different activities, time spent in completing these activities and the adherence of these academic tasks to constructivist principles can affect the extent to which students could manifest overt metacognitive behaviors.
Another construct is at play here. Students have a set of beliefs or assumptions about the nature of knowing and on the process of knowing. Do students believe that Chemistry is simply a bunch of equations to solve? Do students view that learning Chemistry consists mainly of absorbing information? Do students believe that being good in Science is innate or inborn? This set of beliefs is referred to as epistemological beliefs. Whether students believe that Science concepts have wide applications outside the classroom, whether Science concepts are evolving and how these beliefs can mediate or influence metacognition are interesting points for future research. Time allotted to tasks was classified according to short, moderate and extended period of time for students to complete task and engage in planning, monitoring and THE ASIA PACIFIC-EDUCATION RESEARCHER evaluation behaviors as necessitated by the tasks.
3
Tasks were judged as adhering to constructivist principles to a limited extent, moderate extent and extensively following constructivist principles. 4 Results obtained from administration of the MIS at the onset of the study.
5
Items are scored 1,2,3,4 respectively for Never, Sometimes, Often and Always. A high mean corresponds to a more overt metacognitive behavior. 6 Due to space constraints, only two of the cases illustrating low and high metacognitive behaviors will be discussed in this paper.
